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1.0 Introduction

The Department of the Navy (DON) recently formed a Working Group to provide guidance to the DON
activities for optimizing groundwater monitoring programs at Navy installations. This Working Group,
which isled by the Naval Facilities Engineering Service Center (NFESC), is made up of engineers and
scientists from NFESC, Naval Facilities Engineering Command (NAVFAC), Engineering Field
Divisiong/Activities (EFD/As), and Chief of Naval Operations (CNO).

1.1 Purpose

One purpose of the Working Group is to create this Guide to Optimal Groundwater Monitoring, which
can be used by Navy Remedial Project Managers (RPMs) to ensure that their monitoring programs are
designed and periodically optimized to cost-effectively support their monitoring goals. The objective of
this guidance document is to provide information that Navy RPMs and their contractors can readily
implement to:

= Design new monitoring programs that will achieve monitoring objectives cost effectively; and

= Optimize existing monitoring programs to reduce monitoring costs while maintaining program
effectiveness.

This document isintended to be general enough to apply to avariety of site conditions, but at the same
time provide specific guidance for monitoring program optimization. It is not intended to make
monitoring experts of RPMs, but to provide them with the information they need to understand main
points of monitoring program design and optimization.

1.2 Key Points of This Guide

The Guide to Optimal Groundwater Monitoring focuses on the most significant ways to design and
optimize groundwater monitoring programs in order to maximize cost-effectiveness without
compromising program and data quality. The five general strategies that ensure a cost effective
monitoring program include:

» Reducing the number of monitoring points;

= Reducing monitoring duration and/or frequency;
=  Simplifying analytical protocols;

» Ensuring efficient field procedures; and

= Streamlining data management and reporting.

Ideally, these principles are applied when designing a program and are continually revisited as the
monitoring program progresses.

Another key point emphasized within this document is the importance of having a Groundwater
Monitoring Plan (GMP). A GMP is an important tool in conducting an efficient monitoring program, asit
contains the decision criteriafor decreasing and eventually ceasing monitoring at your sites. The optimum
approach is to have aregulator-approved GMP in place before starting a monitoring program.

1.3 Key Resources

In part, “lessons learned” from monitoring optimization case studies performed at several Navy
installations were used to write the Guide to Optimal Groundwater Monitoring. These case studies
covered awide range of remediation sites with differing monitoring requirements. Examples from these
case studies are provided throughout this document to highlight technical points and concepts. Summaries
of the case study reports for three installations are provided in Appendix A of this document. Internal
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Navy case studies, where EFD/As undertook actions to optimize their own groundwater monitoring
programs, are provided in Appendix B.

Other Department of Defense (DoD) documents were referred to for additional ideas on optimizing
monitoring programs at military installations. Specifically, the Air Force Center for Environmental
Excellence (AFCEE) Long-Term Monitoring Optimization Guide (AFCEE, October 1997) was used as a
model for this document. Section 10 lists other monitoring optimization resources.

1.4  Organization of This Document
This document is organized as follows:

Section 2, What isthe Goal of the Monitoring Program?—~Prior to any design or optimization
activities, you must define your monitoring goals. This section introduces several tools and considerations
to help you formulate your program goals.

Section 3, Where Should | Monitor? How Many M onitoring Points Do | Need?—The first step to
designing or optimizing a groundwater monitoring program is to identify monitoring points that provide
the right amount of coverage in the right locations. Section 3 explains the basics of monitoring network
design.

Section 4, How Often Should | Monitor? For How L ong?—This section identifies tools for
determining appropriate monitoring frequency and duration, including decision criteria and groundwater
modeling.

Section 5, What Contaminants Do | Need to M onitor ?—Tailoring the data collection and quality
assurance practices to the goals of the monitoring program will ensure that you are not managing and
reporting excessive amounts of data. Section 5 stresses the importance of collecting the right types of data
and defining appropriate quality assurance requirements.

Section 6, How Should | Collect the Samples?—There is more to collecting a sample than just “filling a
bottle.” Thisis one of the most important steps of the monitoring process. This section will introduce
ways to improve your sample quality and representativeness, while decreasing sampling costs.

Section 7, How Do | Evaluate and Present My Data So It’s Easy to Under stand?—Y our periodic
monitoring reports shouldn’t be a“data dump.” Make them clear, concise, and easy to understand. From
evaluating your data to reporting and presenting your data, Section 7 provides ideas to save you time and
money while improving your understanding of the site.

Section 8, How Can | Ensure Regulatory Acceptance?—Effective communication is the cornerstone of
any relationship. Thisis especially true of the relationship between you and your regulator. This section
provides strategies for making your regulator part of the monitoring team.

Section 9, What Tools Can | Useto Facilitate Optimization of My Monitoring Program?—This
section provides additional tools that can be applied to facilitate monitoring optimization from start to
finish.

Section 10, Where Else Can | Go for Help?—There are many resources for designing and optimizing a
monitoring program. Section 10 provides a partial list of readily available optimization resources. Thislist
includes Environmental Protection Agency (EPA) publications, technical papers, and useful web sites.

Section 11, References¥s This section provides alist of the documents cited in this guide.

Guide to Optimal Groundwater Monitoring 2 January 2000
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2.0 What is the Goal of the Monitoring Program?

e Content: This section introduces the concept of monitoring optimization and presents tools
you can use to define the objectives of your monitoring program. These tools include:

Conceptual site models (CSMIs);

Data quality objectives;

Regulatory framework;

Groundwater Monitoring Plans (GMPs); and
Annual and 5-year program review.

2.1  What is Monitoring Optimization?

Asthe Installation Restoration Program (IRP) at DON installations matures, more money is spent on
monitoring. As monitoring program costs become a significant portion of the IRP budget, it becomes
increasingly important to eval uate these programs in terms of cost effectiveness.

The primary objective of optimizing monitoring programs is to reduce monitoring costs without
compromising program quality or effectiveness. To this end, the optimization process focuses on
collecting relevant data of the appropriate quality to achieve program goals. This can be done by
evaluating the following aspects of your monitoring program in light of the overall program goals:

The number of monitoring points;

The frequency and duration of monitoring;

The analyte list and quality assurance/quality control (QA/QC) samples;
The sampling procedures; and

The data evaluation, management, and reporting procedures.

The remainder of this section is aimed at hel ping you define your monitoring goals so that you can
effectively evaluate the above points.

2.2  Defining and Documenting the Goals of Your Monitoring Program

Before designing an effective monitoring program, you must ask yourself “What is the goal of monitoring
a thissite?’” Typically, monitoring objectives fall into one or more of the following categories:

» Validate the conclusions of aremedial investigation/feasibility study (RI/FS);

= Determineif contamination is migrating off site or off base;

= Determineif contamination will reach areceptor (such as adrinking water supply well);

= Track contaminants exceeding some standard;

= Track the changesin shape, size, or position of a contaminant plume;

= Assessthe performance of aremedia system (including monitored natural attenuation [MNA]);
= Assessthe practicability of achieving complete remediation; or

= Satisfy regulatory regquirements (such as those for landfill closure).

Following formal definition, the goals of your monitoring program are described and documented in the
GMP. The GMP will become the definitive document for operational guidance on your specific
monitoring program. In addition to GMPs, this section focuses on some common tools available to help
guide RPMs in defining and documenting their monitoring program goals, including the following:

= The conceptua site model (CSM);
» Theregulatory framework;
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» Dataquality objectives (DQOs); and,
= Performance monitoring.

2.2.1 Conceptual Site Model

Thefirst step in identifying goals of a monitoring program is to understand what problems exist at the
site. A CSM isuseful intheinitial and on-going description of all parameters relevant to contamination at
asite. Figure 2-1 shows one example of a CSM. In essence, the CSM provides a picture—both historical
and current—of the problem that must be addressed. A good CSM addresses the following elements:

=  Nature and extent of contamination;

=  Geology;

» Hydrogeology;

» Biologica and geochemical conditions;

= Transport pathways of contamination;

= Monitoring points;

= Receptors and potential receptors;

» Historical uses; and

= Other factorsrelevant to the understanding of contamination at the site.

The CSM represents your understanding of the site. As such, the CSM will be used to convey the entire
understanding of the site to the appropriate regulators. Specific monitoring program goals will be defined
based upon the regulatory requirements for the site in question.

The CSM can also be used to expose data gaps and aid in design of the monitoring network. Asa
modeling tool, the CSM can be updated periodically with performance monitoring datato show progress
towards goals, and reeval uate corrective measures, monitoring strategies, and possibly, the goals of the
program. A detailed description of CSMs can be found in the American Society for Testing and Materials
(ASTM) Standard Guide for Developing Conceptual Ste Models for Contaminated Stes (ASTM, 1995).

2.2.2 Regulatory Framework

Whether already imposed or otherwise anticipated, it is the underlying host of Federal, State, and local
regulations that effectively drive all remedial measures, protective monitoring, and compliance
monitoring at contaminated sites. These regulations all have the common theme of providing protection to
human health and the environment. Nevertheless, distinctions in which regulatory program, or
framework, that a site falls under will help in determining the overall goal of the monitoring program. For
instance, regulatory requirements for groundwater monitoring design at a site may vary based on whether
it isregulated under the Resource Conservation and Recovery Act (RCRA), Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), or a state underground storage
tank (UST) program. Accordingly, the regulatory end points for specific contaminant concentrations
required for achieving closure requirements may also differ based on the regulatory framework.
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Figure 2-1. E xample Conceptual Site Model
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A standardized list of regulatory requirementsis not available because they depend entirely, or in part, on
site-specific conditions. The definition of the regulatory end point, or preliminary remediation goals
(PRGs), may be based on localized background concentrations of a given contaminant, or may be
contingent upon findings of a baseline risk assessment for that site. Virtually all states have an Internet
site that, at the very least, provides contact information for key personnel at the state environmental
agency. Many states post their regulations in a searchable format. Section 10 provides World Wide Web
(WWW) addresses for the environmental agencies of all 50 states. If you can't find regulations that
specifically address monitoring programs for your state, you will have to negotiate with your regulator to
establish a set of goalsthat satisfy al requirements of the relevant regulatory framework. Strive to get
agreement on monitoring goals from all stakeholders as soon as possible. Section 8 discusses regulator
relationships in more detail.

2.2.3 Data Quality Objectives (DQOSs)

The EPA DQO processis discussed in Guidance for the Data Quality Objective Process (EPA QA/G-4,
September 1994). The purpose of the DQO processis to define the types and quality of data necessary to
support the decisions you will make during site monitoring. In other words, the DQOs must support the
overall objective of your monitoring program. Table 2-1 outlines the seven steps in the DQO process and
gives examples of each that apply to monitoring programs.

Table 2-1. Data Quality Objective Process and Examples

DQO Process Step Example
State the problem. Trichloroethene (TCE) in groundwater upgradient of a supply well
exceeds the Maximum Contaminant Level (MCL).
Identify the decision. Determine when treatment and monitoring can be stopped without
compromising human health.
Identify the inputs to the decision. Monitoring datafor TCE, system performance resullts.
Define the study boundaries. Radius of influence of the treatment system and the extent of the

monitoring system.

Develop adecisionrule. Treatment may be stopped with continued monitoring once TCE
concentrations remain below the MCL for eight quarterly sampling
rounds and system performance has leveled off.

Specify tolerable limits on decision errors. Decision errors resulting in excess monitoring and treatment are
acceptable. Decision errors negatively affecting human health are not
acceptable (i.e., avery high confidence that the treatment has brought
site concentrations below the MCL is necessary before stopping
treatment and monitoring at the site).

Optimize the design. Perform highest level of quality assurance/quality control (QA/QC) and
data validation procedures on monitoring data. Conduct geostatistical
analysis of site data to confirm with a high degree of confidence that
groundwater at the siteis consistently and reliably below the MCL.

2.2.4 Performance Monitoring

The primary purpose of performance monitoring isto provide the quantity and quality of data necessary
to make informed decisions regarding remedial system operation, and to verify progress toward your
overall monitoring program goals. A properly designed performance monitoring system will provide you
with feedback on the effectiveness of the site remedy and supply the data necessary to assess progress
toward program goals. An effective performance monitoring network should allow you to (AFCEE, July
1999):
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=  Track the horizontal and vertical extent of contamination;

= Measure the change in contaminant concentration resulting from treatment (including MNA) and
estimate the mass of contaminant reduction;

= Comparedatato all decision criteriaand exit points;

= Measure the rate and direction of any contaminant migration to confirm containment or
noncontainment; and

= Determine the effects of contaminant source areas on remedy effectiveness.

Performance monitoring results should be incorporated into a CSM as the monitoring program progress-
es. In this manner, the CSM will provide a current picture of conditions at the site. Because conditions
change over time, especialy where active treatment is taking place, it is necessary for an ongoing process
of examining sample locations, frequencies, and anaytical methods to ensure that the right amount and
type of data are being collected. Rationale for including monitoring wells and determining sampling
frequency is provided in Sections 3 and 4 of this report.

2.2.5 Groundwater Monitoring Plans (GMPs)

Once you have defined the goal's of your monitoring program, it is essential to document them. The
Groundwater Monitoring Plan (GMP) istheideal format for this. The primary purpose of the GMPisto
specify how the monitoring program will be conducted in order to meet the site-specific objectives. It
allows for consistent data collection and comparability and documents the monitoring approach in the
event of installation, contractor, or regulatory personnel turnover. The following components should be
included in your GMP:

= Statement of program goals,

= Current monitoring network;

*  Frequency and anticipated duration of monitoring;

»  Specific field procedures (e.g., purging, sampling, decontamination, record keeping, etc.);

= Analytical methods, sample handling requirements (e.g., containers, preservation), and quality
assurance/quality control (QA/QC) sample collection rates;

= Datahandling and reporting procedures; and

= Decision criteria (including exit strategies) and review processto periodically optimize al of the
above.

Section 2.3 provides additional information on using aregular review process to optimize the monitoring
program and modify the GMP. Section 8 discusses abtaining regulator buy-in viathe GMP.

2.3 Reevaluating the Goals of Your Monitoring Program

It isimportant to reevaluate the goals of your monitoring program on aregular basis. Annual and 5-year
reviews are an opportunity to make changes to your monitoring program and the GMP, if necessary.
Although 5-year reviews are required by CERCLA and many RCRA permits, an annual review processis
strongly recommended for maintaining an optimal monitoring program.

2.3.1 Annual Reviews

Annual reviews should be conducted to determine if the monitoring goals have been achieved at any of
your sites, or if the past year of site dataresult in any changes to the program goals. It may be helpful to
conduct annual reviews well in advance of budgeting for the next fiscal year. Thisway, if any changesin
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funding needs are identified during the annual review, they can be incorporated into the budget requests
in atimely manner.

Following are some of the steps you may need to take during the annual review of your monitoring
program:

1. Review al analytical data generated during the last year. Does the new information validate the
historical data? Or are there significant changes to contaminant concentrations or plume size and
shape (nature and extent)?

2. If applicable, review any available MNA data, such as dissolved oxygen, total organic carbon, etc., to
confirm that conditions are still suitable for this process to occur.

3. Review any hydrogeologic data collected during the last year. Are groundwater levels relatively
constant? Or are there marked seasonal fluctuations? Are groundwater flow directions and flow rates
consistent with the original hydrogeologic model formulated for the site?

4. If thereisaremedial action being performed at the site (including MNA), is adequate progress being
made toward the cleanup goals? On the basis of all data available, doesit look like the cleanup goals
will be achieved in areasonable time frame? Does the remedial action still appear to be a protective
option? Or are there new or different technol ogies that may be more efficient?

5. If arisk assessment was conducted for the site, verify that the assumptions used are still valid. Have
any new pathways and/or receptors been introduced at the site?

6. Have any new regulatory standards or requirements been introduced? If so, how do site data compare
to the new standards?

If any of the original assumptions that went into formulating the CSM or the DQOs have changed, the
program goals may need to be modified. An updated CSM should be produced to reflect the new site
understanding.

Example: Marine Corps Base (MCB) Camp Lejeune regularly analyzes groundwater monitoring data,
performs trend analysis, and contours the data to make recommendations for program improvements and
to ensure that monitoring objectives are being met. The monitoring team (Base personnel, regulators, and
contractor personnel) meets every two months to update current under standing of site conditions and
make consensus recommendations for changes and improvements.

2.3.2 Five-Year Reviews

Specifying a5-year review period in a decision document, such as arecord of decision (ROD), alows an
opportunity to make formal changes to a monitoring program. The 5-year review may be used to help
make decisions regarding the effectiveness of the remedy, including whether the system should be shut
down and replaced with an alternative technology, or whether the site should be closed out based on the
most recent five years of monitoring data. The 5-year review should be conducted with the involvement
of all stakeholders, including installation personnel, contractors, regulators, and community members.

Preparation for 5-year reviews can be simplified by planning for them during all five of the preceding
years. Groundwater Monitoring Reports (GMRs) should track recommendations, whether the
recommendations were implemented, status of decision criteria, changes to monitoring goals, and changes
to site conditions (viathe CSM). In addition, proper data evaluation and visualization techniques, as
discussed in Sections 7 and 9, can simplify preparation for 5-year reviews.

Example: The monitoring contractors at MCB Camp Lejeune are tasked with making recommendations
to streamline the monitoring program in each GMR. Subsequent GMRs outline which recommendations
have been implemented and which are still pending, as well as specifying new recommendations based on
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the most current round of monitoring data. The GMRs also present the latest groundwater contaminant
contour maps so that plume shape and size are constantly tracked.
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3.0 Where Should | Monitor?
How Many Monitoring Points Do | Need?
Content: This section discusses the basic considerations for designing a monitoring network
that effectively addresses the goals of your program without being excessive. If you did not design the

monitoring network up front, this section also covers optimizing the existing network. Tools for choosing
monitoring points discussed in this section include:

= Groundwater flow calculations (see

also Section 9.2); ‘ &
= Decision criteria and diagrams; and & le "b y
= Satistical tools (see also Section 9.1 (v
and Appendix C). <L b
\¢ , lee
3.1 Designing a Monitoring él

Network &b eo Ve g )

The number and placement of wells
needed to ensure adequate monitoring of h v @

groundwater contamination will be a

function of many site-specific charac- g l [
teristics. In addition, there are many g W A
things unrelated to site characteristics A

that may affect the design of your
monitoring program. These include
regulatory and community relations
considerations. 4

\¢ .

tf

Asafirst step, a comprehensive review \
of applicable regulatory requirements \e.

N4

should be conducted (see also Sections 8
and 10). In many cases, state regulatory Hurry up... it's almost time to

agencies will have mandatory guidelines start the next sampling round!

for the types and placement of

compliance monitoring wells. Figure 3-1 provides an idealized illustration of the types of wells that may
be required for monitoring at a given site; Table 3-1 describes these types of wellsin more detail.
Inclusion of additional sampling points at property boundaries or near politically sensitive areas may be
warranted for community relations purposes.

Example: The regulatory framework and monitoring objectives were considered when recommending
which wellsto include in the groundwater monitoring program at Naval Weapons Industrial Reserve
Plant (NWIRP) Dallas. The Texas Natural Resources Conservation Commission (TNRCC) provided
minimum requirements for the use of background wells, point-of-compliance (POC) wells, corrective
action observation wells, and optional supplemental wells. The concerns of the surrounding community
were also addressed by continued sampling of off-base wells. By interpreting the regulatory framework in
light of the geohydrological model for the site, 56 wells were chosen from an existing groundwater
monitoring network of nearly 300 wells.
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Table 3-1. Types of Monitoring Wells

Location
Relative to
Well Type Source Description

Upgradient Upgradient Upgradient wells are located away from the source of contamination in the direction from
which groundwater flows. Concentrations in these wells represent contaminants flowing
onto the site, if any. An uncontaminated upgradient well may be used as a background
well.

Background Upgradient or Background wells are located where they cannot be affected by contamination. They are

Crossgradient used to determine background concentrations of contaminants, usually metals or other
naturally occurring compounds. An upgradient well may serve as a background well.

Crossgradient | Crossgradient Crossgradient wells are located adjacent to the source of contamination in adirection
perpendicular to the direction of groundwater flow. These wells may be used to ensure that
diffusion, dispersion, or seasonal variationsin flow direction do not result in the additional
spread of contamination from a site.

Plume-Edge Downgradient | Plume-edge wells are located immediately downgradient or crossgradient of a plume and

or Crossgradient | are used to track plume movement by flow, diffusion, or dispersion. Wells designated as
plume-edge wells may need to change as the plume size and shape change. These wells
may be part of aremedial system.

In-Plume Downgradient | In-plume wells are located both vertically and horizontally within the known extent of
contamination. These wells are used to track concentration changes over time. These wells
may also serve as extraction wells for aremedial system.

Downgradient | Downgradient | Downgradient wells are located in the direction of groundwater flow from the source of
contamination. Downgradient wells are used to track the concentration and movement of
contaminants from a site. In-plume, plume-edge, point-of-compliance, and sentinel wells
may all be downgradient wells.

Point-of - Downgradient | Point-of-compliance wells are generally defined by an installation's RCRA or other permit,

Compliance and are often located at the site or installation boundary. These wells are used to ensure that
contamination is not migrating off site or affecting a sensitive receptor (see also "Sentinel"
well).

Sentinel Downgradient | Sentinel wells are positioned downgradient of the contamination and upgradient of some
sensitive receptor, such as a drinking water source. Sentinel wells must be screened at an
interval appropriate to what they are protecting.

Off-Base Anywhere off Off-base wells may be installed and monitored in response to concerns from neighboring

base communities.

Guide to Optimal Groundwater Monitoring 12
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The next step is to evaluate the wells that currently exist on and around the site. In most cases, the design
of agroundwater monitoring program will follow some degree of investigation, during which some
monitoring points were installed. By nature, investigation studies are designed to determine where and
how much contamination exists, the location of potential sources and hotspots, what direction a plume
may be moving, and what contaminants are present in groundwater at the site. Answering these questions
usually resultsin the installation of many more monitoring wells than are typically necessary for awell-
designed monitoring program. In general, monitoring points should be chosen (or installed) with the
following objectivesin mind:

= Monitoring wells should be placed so that you can obtain background levels of contaminants of
concern (COCs).

= Monitoring wells should be located and screened to bound the horizontal and vertical extent of
contaminant plumes.

= Monitoring wells should be located so that bulk movement of the plume can be assessed. Sampling
frequency and placement of in-plume and plume-edge wells will vary depending upon site-specific
factors that affect contaminant transport.

= Monitoring wells should be placed in locations that provide feedback on performance of both active
and passive remedial measures.

Where applicable and feasible, source areas or hotspots should be monitored to assess whether a source
zone is still feeding the plume in question. Y our design may also include monitoring extraction or
treatment wells to track performance of aremedia system.

It isimportant to design flexibility into your monitoring network to allow for continual reassessment of
program needs. Y ou may need extrawellsfor: (1) accurately determining groundwater levels and flow
direction at your site; (2) later monitoring as the plume size and shape change; and (3) contingency, in the
case of damage to program wells.

In evaluating placement of monitoring wells, groundwater flow calculations may provide insight into
where contamination islikely to leave a site, or how potential off-site hydraulic influences such as a
pumping well might change future groundwater gradients at a site. Lateral spreading of a plume by
hydrodynamic dispersion could aso be approximated with more sophisticated calculations. These
findings could have implications in determining the number and location of corrective action observation
wells and/or POC wells. The application of groundwater flow calculations and more complex modeling is
discussed in Section 9.2.

3.2  Optimizing the Monitoring Network

On an annual basis, you should reeval uate the objectives of the groundwater monitoring program as
discussed in Section 2.3. If the value of the information provided by a monitoring point does not justify
the cost of collecting and analyzing the samples, then it may be appropriate to eliminate it from the
monitoring network. However, as discussed in Section 3.1, elimination of monitoring points must be
conducted while keeping regulatory and community concernsin mind.

Example: MCB Camp Lejeune regularly analyzes groundwater monitoring data, performs trend analysis,
and contours the data to make recommendations for monitoring point reductions. The monitoring
contractor is tasked with making these types of recommendations as part of their regular reporting
process.

Guide to Optimal Groundwater Monitoring 13 January 2000
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3.2.1 Decision Criteria

Decision criteria are an important tool for optimizing a monitoring program. Decision criteria set
predetermined requirements for deciding when an action will take place. Ultimately, decision criteria will
provide the mechanism for ending the monitoring program at a site. Table 3-2 presents some example
decision criteria as they relate to specific site objectives.

If decision criteria have already been established for eliminating monitoring points at your site, your

annual review should include determining if any of the decision criteria have been met. If decision criteria
have not been established, create some based on monitoring objectives.

Table 3-2. Example Decision Criteria for Eliminating Monitoring Points

Monitoring Program Objective

Example Decision Criteria

Data Evaluation Required

Track contaminant concentrations
which are above some regulatory
standard

Monitoring points that remain below the
MCL for the COC for four consecutive
sampling rounds will be eliminated from
the monitoring program.

Depending on requirements, either a
direct comparison of site datato
MCLsor astatistical evaluation to
determine which points are
consistently and reliably below
MCLs (see Section 9.1).

Identify contaminant trends

Monitoring points that are below the MCL
for the COC and display no significant
upward trend will be eliminated from the
monitoring program.

Statistical evaluation of datato
determine which points have
concentrations with a significant
upward trend, and which points have
stabilized (see Section 9.1 and
Appendix C).

Evaluate performance of aremedial
system

Original plume-edge wells will be
eliminated from the monitoring program
when changes in plume size or shape make
other wells more appropriate for plume-
edge monitoring.

Use of a Geographic Information
System (GIS) to track plume shape
and size for al COCs (see Section 7
and 9.3).

Ensure that contaminants do not
affect adrinking water source

The sentinel wells for supply well No. 1
will be monitored until it can be shown that
contaminants from the site do not exceed
50% of the MCLs at any point for four
consecutive sampling rounds.

Custom database queries to generate
automatic reports of all contaminants
exceeding MCLs, keeping arunning
tally for four sampling rounds (see
Section 7).

Ensure that contaminants do not
migrate off site

Point-of-compliance wells will be
monitored until it can be shown that
contaminant concentrations exceeding the
MCL cannot migrate off site.

Conservative groundwater modeling
to predict future concentrations at the
installation boundary (see Section
9.2).

3.2.2 Statistical Tools for Optimization

There are severa statistical tools that can be used to optimize the number of monitoring wells necessary
to achieve your program goals. Geostatistics and temporal trend analysis are appropriate statistical
methods for optimization. Geostatistical methods are used to evaluate the spatial pattern and correlation
of contamination across aregion, allowing you to observe which locations continue to have unacceptably
high concentrations. Regression analyses can identify trends (typically linear trends) by determining if the
regression model provides a good fit and by identifying how strongly concentrations correlate with time.
Both trend analysis methods and geostatistical methods are discussed in more detail in Scenarios 6 and 7,
respectively, of Appendix C.
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3.2.3 Well Abandonment

After monitoring has been established at a site (and perhaps even before if a significant number of
investigation phase monitoring wells exist), an evaluation of monitoring points for potential abandonment
should be made. Whileit isimportant to ensure that an adegquate number of monitoring points are
maintained at your site to provide program flexibility (see Section 3.1), it is equally important to eliminate
points that do not address program objectives and are unlikely to in the future. Proper well abandonment:
(1) diminates the physical hazard of the hole in the ground; (2) eliminates a conduit for migration of
contamination; and (3) prevents hydrologic changes in the aquifer system, such as the changesin
hydraulic head and the mixing of water between aquifers. Abandoning monitoring wells that are
inappropriately screened, damaged, or dry also reduces well maintenance costs. Well abandonment must
be conducted in accordance with applicable regulations, and must be reported to the proper authority.
Figure 3-2 provides criteria for abandoning monitoring points.

Example: As part of the MCB Camp L& eune monitoring program, regular inspections of monitoring
wells are conducted. Wellsthat are in deteriorating condition are then recommended for proper
abandonment to prevent further contamination of the groundwater and reduce monitoring well
maintenance Costs.

Guide to Optimal Groundwater Monitoring 15 January 2000



Where Should | Monitor? How Many Monitoring Points Do | Need? Interim Final

Start Here
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every year

well useful for No
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Is
well damaged Yes
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(see Figure 4-2).

Figure 3-2. Decision Criteria for Abandoning Monitoring Wells
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4.0 How Often Should | Monitor? For How Long?

Content: This section describes tools you can use to support decisions regarding monitoring
frequency and duration, including:

» Decision criteria and diagrams,

= Groundwater flow calculations (see also Section 9.2);
= Trend analysis, and

=  Satistical tools (see also Section 9.1).

4.1  Determining Appropriate Monitoring Frequency and Duration

4.1.1 General Approach

When starting a new monitoring program, it is often agood ideato collect four rounds of quarterly data,
particularly if investigation data for your site are limited (e.g., from one round of sampling, or from only
one time of year) or obsolete (e.g., more than three years old). Four quarters of analytical and water level
datawill help establish the presence of any temporal (such as seasonal) and spatial variability. In addition,
four data points are often considered the minimum for conducting any sort of statistical evaluation. Itis
essential that all monitoring data be collected using the same sampling and analytical methods to ensure
comparability. Your GMP should be used to document these methods (see Sections 2.2 and 8). If arecent,
well-designed site investigation has been conducted, starting a monitoring program with semiannual or
even annual monitoring may be more appropriate.

Following the first year of quarterly data collection, monitoring frequency may be reduced as appropriate,
following decision criteria built into the GMP. Specific decision criteria should be included for
determining when monitoring may be discontinued at your site. A review period, most likely annual,
should be specified in the GMP to periodically evaluate the potential for site closure based on monitoring
data and closure decision criteria.

The purpose of awell should be taken into account when determining the sampling frequency.
Downgradient, plume-edge wells generally require more frequent sampling than an upgradient or
background well. Special purpose wells, such as sentinel wells, may need to be sampled often to
safeguard human health. Likewise, POC wells may need to be sampled more frequently than on-site wells
to help maintain good faith between your installation and neighboring communities. Table 4-1 gives
examples of monitoring frequencies, based on the purpose of the wells.

Example: Quarterly monitoring for thefirst year, along with a built-in annual review with state
regulators, was recommended for the NWIRP Dallas monitoring program. Following a year of quarterly
sampling, they could then seek a decrease in monitoring frequency, tailoring frequency to the function of
the well. Whereas POC and corrective action observation wells were recommended for semiannual
sampling, upgradient, background, and supplemental wells could be dropped to annual sampling. If
approximately half the monitoring wells at the site were decreased to semiannual sampling, while the
other half were decreased to annual sampling, over 60% of analytical costs could be saved in the second
year of sampling. Based on analytical costs of $350/sample for 60 samples per round, an annual savings
of $52,000 could be realized in analytical costs alone. Field labor costs would decrease from
approximately $20,000 to $8000 annually, and mobilization and demobilization costs would be cut in half
by eliminating two quarterly sampling rounds.

Guide to Optimal Groundwater Monitoring 17 January 2000
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Table 4-1. Example Monitoring Frequencies for Different Types of Wells

First Year Second Year Third Year
Well Type Frequency Frequency Frequency Considerations

Background Quarterly Annually Annually- On-site migration of contaminants;
naturally-occurring compounds

Upgradient Quarterly Annually Annually- On-site migration of contaminants

Downgradient Quarterly Semiannually Annualy Migration of site contaminants

Crossgradient Quarterly Semiannually Semiannually Dispersion of site contaminants

In-Plume Quarterly Semiannually Annualy Remediation progress, if applicable

Plume-Edge Quarterly Semiannually Semiannually Plume movement

Point-of - Quarterly Semiannually Semiannually Maintaining community relations

Compliance

Sentinel Quarterly Quarterly Quarterly Safeguarding human health

Off-Base Quarterly Semiannually Annualy Maintaining community relations

Note: Annually- = Annually or less frequent (e.g., every 2 years)

4.1.2 Flow Calculations to Determine Monitoring Frequency and Duration

Calculations can be used to estimate the rate of groundwater flow at a site. Although the rate of
contaminant movement is usually not as fast as groundwater movement (see Section 9.2), the use of
simple flow equations can provide a conservative estimate of how long it will take contamination to reach
aparticular point, such as the installation boundary or a supply well. Thisinformation can then be used to
determine an appropriate sampling frequency and duration.

The following example describes how basic flow rate information can be used to determine the frequency
of monitoring at a given point: Benzene from afuel spill siteis estimated to travel at the samerate as
groundwater, which is modeled to move at 7 feet per year. The frequency of monitoring at a given point
should be related to the rate of contaminant movement. For instance, it may be necessary to sample wells
close to the contamination on a quarterly basis. However, it is not reasonable to sample a clean well
located 350 feet downgradient from known contamination with the same frequency because it will take
fifty years for the benzene to reach the well.

Additionally, if contamination isn’t detected in downgradient wells within a reasonable timeframe based
on flow calculation results, it may be determined that contamination will not reach the site boundary and
monitoring may be discontinued. An example exit criterion for such a case would be any well where
contamination is not detected over the course of three travel times (i.e., the estimated or modeled time that
it would take for the contaminant to travel from the source areato the well) would no longer be
monitored.

4.1.3 Trend Analysis and Statistics to Optimize Monitoring Frequency and Duration

By identifying data trends at your site, you will be able to propose the most appropriate sampling
frequency. If asimple concentration versus time plot of the data indicates that concentration trendsin
target analytes are not changing rapidly, monitoring may be decreased to semiannually. Following a year
of semiannual data collection, asimilar analysis can be made to see if areduction to annual monitoring
might be implemented. Figure 4-1 shows an example of atime-series plot that may be used for thistype
of analysis.

If the trends of concentration over time are not clear, it may be helpful to conduct temporal trend analysis
using the statistical methods outlined in Appendix C. Temporal trend analysis methods typically include
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plotting awell’ s chemical concentrations as afunction of time and identifying atrend by using the Mann-
Kendall trend test or aregression analysis. Trend analysis methods are discussed in more detail in
Scenarios 6 and 7 of Appendix C.

Benzene in MW-1

50

10

)
c
)
m 20
=
=% 10 MCL =5ug/L —N
O I I I I I I I I I I

Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul-
97 97 97 97 98 98 98 98 99 99 99

Sample Date

Figure 4-1. Example Time-Series Plot

Trend analysis or statistics may also be used to support a decision to stop monitoring at awell or asite if
contaminant concentrations are found to be stable over along period of time. It may be possible to show
statistically that there is not a significant difference between upgradient and downgradient concentrations
of target analytes at a site. In this case, it may a so be appropriate to stop monitoring at the site. Scenario 8
of Appendix C provides more details about this type of comparison.

Satistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Interim Final Guidance (EPA,
1989) offers a comprehensive reference for statistical applications at monitoring sites.

4.1.4 Decision Criteria for Reducing Frequency and Duration

After each sampling event, or at least annually, you should reevaluate the objectives of the groundwater
monitoring program (see Section 2.3). Determine if any of the decision criteriafor reducing the frequency
or duration of monitoring at a site or individual monitoring point have been met. Table 4-2 presents
example decision criteriafor reducing monitoring frequency and duration. Figure 4-2 shows an example
decision diagram for determining monitoring frequency of wells at a site (note that thisis an example and
your decision criteriamay be different depending on site-specific characteristics).
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Table 4-2. Example Decision Criteria for Reducing Monitoring
Frequency and Duration

Monitoring Program

Objective Example Decision Criteria Data Evaluation Required
Frequency
Identify contaminant trends Monitoring points that exceed theMCLs | Time trends or statistical evaluation of
but do not display a significant upward data to determine which points have
trend will be reduced to semiannual concentrations with a significant
sampling. upward trend (see Section 9.1).
Evaluate performance of a Once system performance hasreached a | System performance data (pounds
remedial system plateau, site monitoring will be decreased | removed per unit time) or statistical
to annually. evaluation of analytical datato

determine which points have
concentrations with a significant
upward trend (see Section 9.1).

Duration

Track contaminant concentrations | Following three consecutive rounds of all | Custom database queries to generate
which are above someregulatory | COCs detected at less than the maximum | automatic reports of all contaminants

standard contaminant levels (MCLs), monitoring at | exceeding MCLSs, keeping arunning

the site will be stopped. tally for three sampling rounds (see
Section 7).

Ensure that contaminants do not If COC concentrations at POC wells do Conservative groundwater flow

migrate off site not exhibit concentrations above the MCL | calculations to predict contaminant
within 5 years and exhibit stable or transport rates and statistical analysisto
decreasing trends, monitoring at the site confirm contaminant trends at the
will be stopped. installation boundary (see Section 9.2).

4.2 Considerations for Optimizing Monitoring Duration and Frequency

Decreasing the number of samples through reductions in sampling duration and/or frequency isan
important aspect of optimizing an existing groundwater monitoring program. Reducing monitoring
frequency by 50% will decrease sampling labor, analysis, validation, and reporting costs by alike
percentage. The general approach to this type of optimization is essentially the same as presented for
designing a new program (see Section 4.1). The important difference is that existing programs may not
have pre-approved decision criteriafor optimizing frequency and duration. Section 8 of this guidance
document offers some tips on gaining regulator approval. The statistical methods described in Section 9.1
and Appendix C will also help support decisions to optimize monitoring frequency and duration.

Example: Monitoring program data are reviewed annually at MCB Camp Lejeune to determine where
reductions in sampling frequency can be made. The entire groundwater monitoring program has been
reduced to semiannual or less frequent monitoring. MCB Camp Lejeune also has approved decision
criteria in place for removing sites from their monitoring program. Using these decision criteria, they
have gained approval for halting monitoring at one site and anticipate removing three more sites.
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‘7 5.0 What Contaminants Do | Need to Monitor?

° Content: This section will help you focus on the types of data that you need to ensure that the
objectives of your monitoring program are met and the data are of the appropriate quality.
Tools that can help you determine your analytical data and QA/QC needs include:

= Historical data;

=  Satistical tools (see Section 9.1);

= Decision criteria; and

= Existing Navy and regulatory
guidance.

KN

5.1  Streamlining the
Analyte List

¢
025

Since analytical costs make up asig- &2
nificant portion of monitoring program R
expenses, streamlining the analytical
approach is aviable way to cut overal
monitoring program costs. Minimizing
the number of analytes at a site and
ensuring thereisno overlapin
analytical methods are examples of
ways to streamline the analytical
program.

5.1.1 Identifying Analytes for
Initial Monitoring

OK... here's what we're sampling for...

Including only the necessary

compoundsin your site's anayte list not only reduces analytical costs, it reduces data management,
validation, interpretation, and reporting costs. Even if receiving data for the total analyte list of agiven
method is no more costly than receiving data for only certain analytes, it is beneficial to eliminate the
extra analytes. Including only the analytes of interest resultsin clearer, more concise reports.

To determine which contaminants to monitor during the initial rounds of the groundwater monitoring
program you should review the following information:

= Site history (for example: landfill, refueling station, or vehicle maintenance);

» Historical analytical datafor both soils and groundwater at the site (e.g., data from PA/SI or RI/FS).
» Historical analytical datafrom upgradient sites that may impact groundwater quality;

= Regulatory criteria applicable to groundwater monitoring at the site.

= Background concentrations of potential target analytesin uncontaminated soil, water, and other
pertinent media (for inorganic compounds only); and

» Results of previous baseline risk assessments performed at the site.

Reviewing historical practices at the site will enable you to focus sampling efforts on those contaminants
needed to demonstrate cleanup progress. For example, the groundwater underlying arefueling station
may be contaminated with fuel components but would probably not require analyses for pesticides and
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polychlorinated biphenyls (PCBs). However, samples underlying an unrestricted landfill may require
analyses for awide array of compounds.

Historical analytical data, if available, are better tools than site history for determining which analytes to
monitor initially. Comparing historical datato regulatory criteria, or background or upgradient data, will
help identify those contaminants that need to be monitored because they approach or exceed some
standard. Historical data, if collected regularly over a period of time, may also be used to determineif any
of the contaminants have historically exhibited increasing trends, indicating a potentia active source at
the site. Section 9.1 and Appendix C discuss statistical tools that can be used to differentiate between up-
and downgradient concentrations (or site and background concentrations), and identify contaminants with
increasing trends.

If arisk assessment was conducted for the site, the results will be valuable in determining which
contaminants to monitor. If any of the site contaminants were found to pose arisk to human health and/or
the environment, they should be included in the initial monitoring program. Contaminants that were
found to pose no risk may have a strong basis for elimination from the program.

5.1.2 Modifying the Analyte List

As monitoring progresses, you may be able to reduce the list of analytesfor asiteto focus only on COCs
and associated degradation products. For example, groundwater contaminated with tetrachloroethene, a
solvent historically used to degrease and clean metal, may also be analyzed for degradation products
trichloroethene, dichlorethene(s), and vinyl chloride. However, analyses for other volatile organic
compounds (VOCs) may no longer be necessary. To identify other parameters that may be eliminated,
you should review the data to identify those that have not been detected above the reporting limit (i.e., al
results not detected or detected only at concentrations indistinguishable from laboratory blanks) in the
first four quarters of sampling.

With regulator approval, thislist may be further reduced by evaluating the detected analytes against
regulatory standards. Metals may be eliminated from the analyte list based on a comparison to
background levels, determined by collecting and analyzing groundwater samples from uncontaminated
areas of the installation using methods that achieve representative analytical results for metalsin
groundwater (i.e., filtered or non-turbid samples) (see Section 6.0). The background data can then be used
to determine which contaminants are present at concentrations significantly above expected background
concentrations, and therefore require continued monitoring (see Section 9.1 and Appendix C).

Another approach you can take at a monitoring site that has the potential for several different types of
contamination is to use faster-moving contaminants, such as VOCs, as indicator species. For example,
consider the case of an unrestricted landfill with the potential for almost any type of contaminant. To date,
nothing significant has been detected downgradient of the site boundaries, but the state wants
groundwater monitoring for aminimum of five years before closing the site out. Instead of analyzing for a
complete list of potential site contaminants, you could propose monitoring only for the fastest migrating
contaminants, or indicator species, expected to result from site activities. Monitoring of these indicator
species can continue until the five-year monitoring period has elapsed. However, if indicator species are
detected within the five years, analysis of other potential site contaminants should begin.

5.1.3 Decision Criteria to Evaluate Analytes for the Monitoring Program

After each sampling event, or at least annually, you should reevaluate the objectives of the groundwater
monitoring program (see Section 2.3). The specific decision criteriafor reducing the number of analytes
being monitored should be tied to the objectives established for the groundwater monitoring program.
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Table 5-1 presents example decision criteria for reducing the number of analytes as your monitoring

program progresses.

Table 5-1. Example Decision Criteria for Reducing Analytes

Monitoring Program Objective

Example Decision Criteria

Data Evaluation Required

Track contaminant concentrations
which are above some regulatory
standard

Analytes that remain below the MCL for
four consecutive sampling rounds will be
eliminated from the monitoring program.

Depending on requirements, a one to
one comparison or a statistical
evaluation to determine which points
are consistently and reliably below
regulatory standards (see Section
9.1).

Identify continuing sources

Analytes that are below the MCL and
display no significant upward trend will be
eliminated from the monitoring program.

Statistical evaluation of datato
determine which analytes display a
significant upward trend, and which
analytes have stabilized (see Section
9.1).

Evaluate performance of aremedial
system

Any contaminant that displays a
decreasing trend and then has two quarters
of data below remediation goals will be
eliminated from the monitoring program.

Statistical evaluation of datato
determine which analytes display a
significant downward trend, and have
stabilized below remediation goals
(see Section 9.1).

Ensure that contaminants do not
affect adrinking water source

Any contaminants that do not exceed 50%
of the MCLsfor four consecutive
sampling rounds will be eliminated from
the monitoring program.

Custom database queriesto generate
automatic reports of all contaminants
exceeding MCLs, keeping arunning
tally for four sampling rounds (see
Section 7).

Example: Following historical sampling that consisted of total compound list (TCL) organics, total
analyte list (TAL) metals, and hexavalent chromium at NWIRP Dallas, the sampling contractor proposed
including only the COCs (VOCs, metals, and hexavalent chromium) in the monitoring program. This
proposed analyte list represents a significant cost savings compared with the original analyte list:
$351/sample versus $811/sample, or a 57% decrease in the analytical budget.

In addition to eliminating entire methods (in this case, methods for SYOCs and pesticides/PCBs), it was
recommended that the contractor consider the elimination of individual compounds within methods.
Although this does not always result in significant analytical cost savings, it does save data management,
validation, and reporting cos